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Abstract

Background: Due to their great species and ecological diversity as well as their capacity to produce hundreds of
different toxins, cone snails are of interest to evolutionary biologists, pharmacologists and amateur naturalists alike.
Taxonomic identification of cone snails still relies mostly on the shape, color, and banding patterns of the shell.
However, these phenotypic traits are prone to homoplasy. Therefore, the consistent use of genetic data for species
delimitation and phylogenetic inference in this apparently hyperdiverse group is largely wanting. Here, we
reconstruct the phylogeny of the cones endemic to Cabo Verde archipelago, a well-known radiation of the
group, using mitochondrial (mt) genomes.

Results: The reconstructed phylogeny grouped the analyzed species into two main clades, one including Kalloconus
from West Africa sister to Trovaoconus from Cabo Verde and the other with a paraphyletic Lautoconus due to the sister
group relationship of Africonus from Cabo Verde and Lautoconus ventricosus from Mediterranean Sea and neighboring
Atlantic Ocean to the exclusion of Lautoconus endemic to Senegal (plus Lautoconus guanche from Mauritania, Morocco,
and Canary Islands). Within Trovaoconus, up to three main lineages could be distinguished. The clade of Africonus included
four main lineages (named | to V), each further subdivided into two monophyletic groups. The reconstructed phylogeny
allowed inferring the evolution of the radula in the studied lineages as well as biogeographic patterns. The number of
cone species endemic to Cabo Verde was revised under the light of sequence divergence data and the
inferred phylogenetic relationships.

Conclusions: The sequence divergence between continental members of the genus Kalloconus and island
endemics ascribed to the genus Trovaoconus is low, prompting for synonymization of the latter. The genus Lautoconus
is paraphyletic. Lautoconus ventricosus is the closest living sister group of genus Africonus. Diversification of
Africonus was in allopatry due to the direct development nature of their larvae and mainly triggered by eustatic
sea level changes during the Miocene-Pliocene. Our study confirms the diversity of cone endemic to Cabo Verde but
significantly reduces the number of valid species. Applying a sequence divergence threshold, the number of valid species
within the sampled Africonus is reduced to half.
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Background
The cone snails (Conidae, Gastropoda) endemic to the
archipelago of Cabo Verde in West Africa represent one
of the few textbook examples of a well-documented insu-
lar species radiation involving marine organisms [1-3].
Cone snails, which are found in tropical and subtropical
marine waters throughout the world, show a hotspot of
species diversity in the Cabo Verde archipelago with up to
95 endemic species (roughly 10% of cone species diversity
worldwide) narrowly confined to about 4000 km? [4]. As
in other parts of the world, cone snails endemic to Cabo
Verde constitute a key component of the intertidal and
subtidal ecosystems associated to rocky shores, coral reefs,
and sandy bottoms. All cones endemic to Cabo Verde feed
on marine annelid worms [1] and use a sophisticated
venom apparatus (including a venom gland that produces
conotoxins and a specialized harpoon-like radular tooth)
to capture their preys [5]. Another interesting biological
feature common to all these endemic species is that they
have direct development. Their larvae lack a pelagic stage,
and thus show a considerably reduced dispersal capacity
[1]. Survival rate is higher for this type of larvae since they
are less likely to be eaten by predators and are not
dependent on plankton for feeding (i.e, non-planktotrophic).
The origin and evolutionary history of cones endemic
to Cabo Verde has been the subject of several recent
phylogenetic studies [1, 2, 6, 7]. Molecular phylogenies
demonstrated that two different ancestors reached the
archipelago independently and subsequently diversified
following recurrent biogeographic patterns [1, 2, 7]. The
existence of two clades led to the classification of cone
species endemic to Cabo Verde into two genera, Africonus
and Trovaoconus [8]. The question of which species are
the closest living sister groups to Africonus and Trovaoconus
remains open [1, 2]. According to a previous study, the
ancestor of Africonus colonized the archipelago in the
Miocene, about 16.5 million years ago (mya; [1]), and spread
to all islands (except Fogo, the youngest, with steep slopes in
the coast and ongoing volcanic activity). Most (95%) of the
currently described species endemic to Cabo Verde belong
to Africonus, and are normally referred to as restricted to a
single island and in some cases even to single bays within an
island [3]. The ancestor of Trovaoconus arrived at Cabo
Verde archipelago in the Pliocene, about 4.6 mya, and diver-
sified only in four islands (Sal, Boa Vista, Maio, and possibly
Santiago), which are the closest to the continent [1]. These
cones are significantly larger in size than those belonging to
Africonus and show wider distributions extending in some
cases to more than one island. It has been hypothesized that
diversification within each genus was in allopatry and
followed recurrent eustatic sea level changes during the
Neogene that intermittently connected and disconnected
the islands [1, 7]. However, sea level fluctuations alone do
not fully explain the extraordinary diversity of cones in Cape
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Verde since nearby archipelagos in the Macaronesia biogeo-
graphic region such as the Canary Islands subjected to
similar trends since the Miocene do not have endemic
cone species [6]. A larger distance to the mainland, which
enhances isolation and restricts gene flow combined with
a higher mean sea surface temperature and the presence
of more suitable habitats may have promoted a significant
increase in diversification rates in the Cabo Verde
archipelago [6].

The rate of description of new cone species endemic
to Cabo Verde has accelerated more than expected
during the last years (Fig. 1). After the early descriptions
in the eighteenth and nineteenth centuries based on
samples brought to Europe by naturalists [9], the main
contribution to the cataloguing of cone species endemic
to Cabo Verde was due to the work of Emilio Rolan
[10], who drew attention to this singular radiation.
Hence, around year 2000, there were about 50 species
recognized [11] and remarkably this number has almost
doubled in the last 2-3 years [12-19]. However, it is
important to note that many of the recent species diag-
noses in cones are mainly based on the shape, color, and
banding patterns of the shell. These phenotypic charac-
ters are highly variable at the population level and prone
to local adaptation and convergence, making species as-
signment problematic and sometimes, misleading [7]. In
many cases, distinguishing whether different shell mor-
photypes of cone snails represent valid species or eco-
types of the same species is challenging [20]. Therefore,
determination of genetic variation and inference of phylo-
genetic relationships based on DNA sequence data are
timely as part of a multidisciplinary approach [21] to iden-
tify and delimit species and to understand evolutionary pro-
cesses underlying diversification within cones, in general,
and within those endemic to Cabo Verde, in particular.

Here, we used nearly complete mitochondrial (mt) ge-
nomes, which have proven to successfully reconstruct robust
phylogenies of Conidae [22] and of particular groups such as
the cones endemic to Senegal [23]. In this study, we
sequenced the nearly complete mt genomes of 88 individuals
representing different populations and species of Africonus
and Trovaoconus endemic to Cabo Verde. We aimed to: (1)
reconstruct a highly resolved phylogeny of cones endemic to
Cabo Verde; (2) determine the closest living sister groups of
Africonus and Trovaoconus; (3) date major cladogenetic
events and analyze biogeographical patterns; (4) study radular
tooth evolution within the two genera; and (5) provide a
first genetic hypothesis of species delimitation in the
radiation of Cabo Verde endemic cones.

Results

Sequencing, assembly, and genome organization

The nucleotide sequences of the near-complete mt
genomes of 75 specimens of Africonus, 13 specimens of
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Trovaoconus, and one specimen of Lautoconus ventrico-
sus were determined (Table 1). These mt genomes
lacked the trnF gene, the control region, and the start of
the cox3 gene because the corresponding fragment was
not PCR amplified. The number of reads, mean cover-
age, and length of each mt genome are provided in
Table 1. The mt genomes of Africonus boavistensis and
Africonus denizi received the minimum (42,021) and
maximum (906,765) number of reads, respectively. The
same samples received the minimum (412x) and max-
imum (8,885%x) mean coverage, respectively (Table 1).
All sequenced mt genomes encode for 13 protein-
coding, 2 rRNA and 21 tRNA genes (but note that the
trnF gene could not be determined; see above). They all
share the same genome organization: the major strand
encodes all genes, except those forming the cluster
MYCWQGE (truM, trnY, trnC, truW, trnQ, trnG, trnE)
and the trnT gene.

Phylogenetic relationships and sequence divergences
between clades

Phylogenetic relationships of cones endemic to Cabo
Verde were reconstructed based on the nucleotide
sequences of the concatenated 13 mt protein-coding and
two rRNA genes using probabilistic methods and
Chelyconus ermineus as outgroup. The final matrix
was 13,572 positions in length. According to the AIC,
the best partition scheme for the protein-coding genes
was the one combining all these genes but analyzing each
codon position separately. The best substitution model for
each of the three codon positions was GTR + I+ G. For
the rRNA genes, the best scheme had both genes com-
bined under the GTR +I+ G model. Both, ML (-/uL =

75,600.18) and BI (-InL =76,002.71 for run 1; -inL =
76,288.44 for run 2) arrived at almost identical topology
(Figs. 2 and 3). Most nodes received high statistical sup-
port and differences in topology were restricted exclu-
sively to three relatively shallow nodes that had low
support in ML and were unresolved in BL. Two of these
nodes involved almost identical sequences and corre-
sponded to Africonus bernardinoi/ Africonus pseudocuneo-
lus and Africonus teodorae/ Africonus fiadeiroi, respectively.
The third unresolved node corresponded to a trichotomy
involving Africonus felitae, Africonus regonae and Africonus
longilineus/ Africonus cagarralensis/ Africonus melissae.
The reconstructed phylogeny (Fig. 2) grouped the
analyzed species into two main clades, one including
Kalloconus from mainland West Africa sister to Tro-
vaoconus from Cabo Verde and the other having
paraphyletic Lautoconus due to the sister group rela-
tionship of Africonus from Cabo Verde and Lautoconus
ventricosus from Mediterranean Sea and neighboring At-
lantic Ocean to the exclusion of Lautoconus endemic to
Senegal (plus Lautoconus guanche from Mauritania,
Morocco, and Canary Islands). Within Trovaoconus, up to
three main lineages could be distinguished (Fig. 2). The
first one included two specimens from Sal initially identi-
fied as Trovaoconus ateralbus, which were sister to a clade
including one lineage with specimens from Maio and Boa
Vista identified as Trovaoconus venulatus and another
lineage having mostly specimens of Trovaoconus pseudo-
nivifer from Maio and Boa Vista but also one specimen of
Trovaoconus trochulus from Boa Vista and one of Trovao-
conus atlanticoselvagem from Baixo Jodo Valente (Fig. 2).
The clade of Africonus from Cabo Verde included four
main lineages (named I to IV), each further subdivided
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Table 1 Mitochondrial (mt) genomes analyzed in this study

New mt genomes

D CV Initial species Location Coordinates Coverage Length  GenBank Voucher DNA  Voucher shell  New species
identification e mean (bp) Acc. No (MNCN/ADN)  (MNCN 15.05/) proposed?
reads  depth
1020 Africonus Agua Doce, Boa Vista, 16°12'29"'N, 151104 14768 15332  MF491587 95072 79889 —
antoniaensis Cabo Verde 22°44'7"W
0885 Africonus Pedra Lume, Sal, Cabo 16°45'44"N, 232069 22734 15328  MF491578 95063 79794 —
antoniomonteiroi  Verde 22°532'W
0927 Africonus Pedra Lume, Sal, Cabo 16°45'44"N, 59799 5833 15328 MF491582 95067 79835 Africonus
bernardinoi Verde 22°532"W cuneolus
0520 Africonus Bafa do Ervatéo (North),  16°12'3"'N, 42021 4128 15217  MF491563 95045 80413 —
boavistensis Boa Vista, Cabo Verde 22°54'43"W
1135 Africonus cabraloi  Estancinha, Boa Vista, 16°13'12"'N, 74446 7304 15329  MF491598 95083 80004 Africonus
Cabo Verde 22°55'9"W crotchii
0895 Africonus Pedra Lume, Sal, Cabo 16°45'44"N, 161290 1367.2 15320  MF491579 95064 79804 Africonus
cagarralensis Verde 22°532"W longilineus
0173 Africonus Praia da Soca, Maio, 15°15'8"N, 55433 5447 15242  MF491534 95016 78798 —
calhetae Cabo Verde 23°13'4"W
0920 Africonus cf. lIhéus do Chano, Sal, 16°41'37"N, 172336 16786 15315 MF491581 95066 79828 Africonus
anthonyi Cabo Verde 22°52'47"W cuneolus
0162 Africonus cf. Praia da Soca, Maio, 15°15'8"N, 87407 8586 15326  MF491533 95015 78787 Africonus
claudiae Cabo Verde 23°13'4"W calhetae
0465 Africonus cf. Ponta Antdnia, Boa Vista, 16°13'24"N, 382817 3736.1 15335  MF491559 95041 80409 Africonus
delanoyae Cabo Verde 22°46'59"'W fuscoflavus
0207 Africonus cf. Ponta Pipa, Maio, Cabo 15°19'30"N, 81447 7973 15325  MF491536 95018 78832 Africonus
galeao Verde 23° 9'48"W galeao
0135 Africonus cf. Praia Gongalo, Maio, 15°16'13"N, 148032 14555 15250  MF491529 95011 78760 Africonus
gonsaloi Cabo Verde 23°%6'15"W gonsaloi
0380 Africonus cf. Jorrita, Bafa da Gata, Boa  16°12'9"N, 358342 3507.9 15328  MF491548 95030 80398 Africonus
miguelfiaderoi Vista, Cabo Verde 22°42'22"W vulcanus
1400 Africonus cf. Calhau, Sao Vicente, 16°51'7"N, 523002 51049 15321 MF491601 95088 78562 Africonus sp.
miruchae Cabo Verde 24°51'59"W nov. 1
0223 Africonus Ponta Pipa, Maio, Cabo 15°19'30"N, 148508 1434.5 15337  MF491537 95019 78848 Africonus
claudiae Verde 23°9'48"W galeao
0303 Africonus condei  Bafa Grande, Derrubado,  16°13'31"'N, 253863 2472.2 15248  MF491542 95024 80392 Africonus
Boa Vista, Cabo Verde 22°47"17"W crotchii
0045 Africonus crioulus  Praia Santana, Maio, 15°18'13"N, 255019 2502 15247  MF491521 95003 78670 Africonus
Cabo Verde 23°11'49'W maioensis
1075 Africonus crotchii  Morro de Areia, Boa 16°5'24"N, 332385 32376 15329  MF491591 95076 79944 —
Vista, Cabo Verde 22°57'7"W
0803 Africonus Calheta Funda, Sal, Cabo  16°39'6"N, 184181 17916 15329  MF491569 95053 79712 —
cuneolus Verde 22°56'53"W
0936 Africonus Santa Maria, Sal, Cabo 16°35'38"N, 80472 7874 15328 MF491583 95068 79844 —
cuneolus Verde 22°53'36"W
1420 Africonus Praia de Palmo Tostéo, 16°45'19"N, 857123 83586 15329  MF491602 95089 78581 —
curralensis Santa Luzia, Cabo Verde — 24°45'24"W
1017 Africonus damioi  Agua Doce, Boa Vista, 16°12'29"'N, 76477 7455 15326  MF491586 95071 79886 Africonus
Cabo Verde 22°44'7"W roeckeli
0405 Africonus Bafa da Gata (center), 16°11'50"N, 315488 29143 15358  MF491551 95033 80401 —
damottai Boa Vista, Cabo Verde 22°42'32"W
1428 Africonus Curral, Santa Luzia, Cabo  16°46'23"N, 566822 5540.2 15326  MF491603 95090 78589 —
decoratus Verde 24°47'13"W
0370 Africonus Jorrita, Baia da Gata, Boa  16°12'9"'N, 158489 1543.7 15323  MF491547 95029 80397 —
delanoyae Vista, Cabo Verde 22°42'22"W
1471 Africonus denizi  Praia Grande, Séo 16°51'40"'N, 906765 88852 15326  MF491605 95092 78621 —
Vicente, Cabo Verde 24°52'30'W
0315 214173 20892 15243 MF491543 95025 80393
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Table 1 Mitochondrial (mt) genomes analyzed in this study (Continued)

Africonus Baia Grande, Derrubado, 16°13'31"N, Africonus
derrubado Boa Vista, Cabo Verde 22°4717"W damottai
0565 Africonus Ilhéu de Sal Rei, Boa 16°9'50"N, 840424 8204.1 15330  MF491566 95049 80416 —
diminutus Vista, Cabo Verde 22°55'31"W
1025 Africonus Agua Doce, Boa Vista, 16°1229'N, 47313 4648 15329  MF491588 95073 79894 Africonus
docensis Cabo Verde 22°44'7"W crotchii
0385 Africonus evorai  Zebraca (near Ilhéu do 16°12'6"N, 226416 2218 15243  MF491549 95031 80399 Africonus
Galedo), Boa Vista, Cabo  22°42'40"W crotchii
Verde
0070 Africonus Porto Cais, Maio, Cabo 15°19'15"N, 97527 9547 15330  MF491524 95006 78695 Africonus
fantasmalis Verde 23°11'10'W fuscoflavus
0835 Africonus felitae ~ Rabo de Junco, Sal, Cabo 16°41'44'N, 344190 33439 15404  MF491573 95057 79744 —
Verde 22°58'35"W
1437 Africonus Porto Novo, Santo 17°1'4"N, 742414 72442 15324  MF491604 95091 78598 —
fernandesi Antdo, Cabo Verde 25°3'22"W
0332 Africonus fiadeiroi  Derrubado (bay West), 16°13'22"N, 205910 2016.5 15243  MF491545 95027 80395 Africonus
Boa Vista, Cabo Verde 22°47'41"W crotchii
0855 Africonus Baia da Fontona, Sal, 16°44'22"N, 156259 15239 15328  MF491575 95059 79764 Africonus
fontonae Cabo Verde 22°58'46"W cuneolus
0945 Africonus Regona, Sal, Cabo Verde  16°48'5"'N, 56310 5498 15327  MF491584 95069 79853 Africonus
fontonae 22°59'33'W regonae
0450 Africonus Derrubado (bay East), 16° 151904 14786 15331 MF491557 95039 80407 —
fuscoflavus Boa Vista, Cabo Verde 13'331"N,
22°47'3"W
0052 Africonus galeao ~ Navio Quebrado, Terras 15°18'54"N, 117940 11392 15326  MF491522 95004 78677 —
Salgadas, Maio, Cabo 23°112'W
Verde
0134 Africonus Praia Gongalo, Maio, 15°16'13"N, 188174 18359 15339  MF491528 95010 78759 —
gonsaloi Cabo Verde 23°%'15"W
1390 Africonus Calhau, Séo Vicente, 16°51'7"N, 464704 4536.1 15325 MF491599 95086 78552 —
grahami Cabo Verde 24°51'59"W
0140 Africonus Porto Cais (North), Maio,  15°19'45"N, 202254 19379 15321 MF491530 95012 78765 Africonus
irregularis Cabo Verde 23°10'57"W maioensis
0317 Africonus Bafa Grande, Derrubado,  16°13'31"N, 170523 16682 15331  MF491544 95026 80394 Africonus
irregularis Boa Vista, Cabo Verde 22°47"17"W maioensis
0392 Africonus Baia da Gata, Boa Vista, 16°11'50"N, 252126 24543 15324  MF491550 95032 80400 Africonus
irregularis Cabo Verde 22°42'32"'W crotchii
1084 Africonus Morro de Areia, Boa 16°5'24"N, 125264 12251 15330  MF491593 95078 79953 Africonus
irregularis Vista, Cabo Verde 22°57'7"W crotchii
1128 Africonus Estancinha, Ponta do Sol, 16°13'12"N, 469101 4597.1 15313  MF491597 95082 79997 Africonus
irregularis Boa Vista, Cabo Verde 22°55'9"W crotchii
0225 Africonus Ponta do Pau Seco, 15°15'26"N, 247567 24317 15244  MF491538 95020 78850 —
isabelarum Maio, Cabo Verde 23°13'16"W
0085 Africonus Lage Branca, Maio, Cabo  15°18'32"N, 224495 22046 15239  MF491525 95007 78710 Africonus sp.
Jjosephinae Verde 23°8"17'W nov. 2
0555 Africonus lIhéu de Sal Rei, Boa 16°9'50"N, 169723 1611.8 15330 MF491565 95048 80415 —
Jjosephinae Vista, Cabo Verde 22°55'31"'W
0830 Africonus Serra Negra, Sal, Cabo 16°38'17"'N, 148726 1453 15316  MF491572 95056 79739 —
longilineus Verde 22°53'56"W
0847 Africonus Rabo de Junco, Sal, Cabo  16°41'44"N, 308057 30009 15333  MF491574 95058 79756 Africonus
longilineus Verde 22°58'35"W miruchae
0410 Africonus luquei Praia Canto, Boa Vista, 16°11'10"N, 83198 815.1 15244  MF491552 95034 80402 Africonus
Cabo Verde 22°42'28"W delanoyae
0064 Africonus Porto Cais, Maio, Cabo 15°19'15"N, 143797 14029 15327  MF491523 95005 78689 —
maioensis Verde 23°11'10"W
0510 Africonus Ervatao Norte, Boa Vista, 16°12'3"N, 254030 24803 15330  MF491562 95044 80412 Africonus
marckeppensi Cabo Verde 22°54'43"W josephinae

0102 80254 783.1 15326  MF491527 95009 78727
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Table 1 Mitochondrial (mt) genomes analyzed in this study (Continued)

Africonus Lage Branca, Maio, Cabo  15°18'32"N, Africonus
marcocastellazzii - Verde 23°8'17"W maioensis
0870 Africonus Bafa da Parda, Sal, Cabo  16°45'7'N, 195531 19079 15328  MF491577 95061 79779 Africonus
melissae Verde 22°53'56"W longilineus
0455 Africonus messiasi Derrubado (bay East), 16°13'33"N, 250171 24477 15260  MF491558 95040 80408 Africonus
Boa Vista, Cabo Verde 22°47'3"W fuscoflavus
0426 Africonus Praia Canto, Boa Vista, 16°11'10"N, 130100 12705 15328  MF491554 95036 80404 Africonus
miguelfiaderoi Cabo Verde 22°42'28"W vulcanus
0905 Africonus Bafa do Roucamento, Sal, 16°41'20"N, 99337 9714 15241 MF491580 95065 79814 Africonus
mordeirae Cabo Verde 22°56'24"W cuneolus
1091 Africonus Morro de Areia, Boa 16°5'24"N, 172039 15151 15337  MF491594 95079 79960 Africonus
morroensis Vista, Cabo Verde 22°57'7"W diminutus
1395 Africonus Calhau, Séo Vicente, 16°51'7"N, 665250 65092 15331 MF491600 95087 78557 —
navarroi Cabo Verde 24°51'59"'W
0250 Africonus Tarrafal, Santiago, Cabo 15°16'50"N, 173873 16872 15339  MF491541 95023 78875 Africonus
nelsontiagoi Verde 23°45'15"W verdensis
0820 Africonus Serra Negra, Sal, Cabo 16°38'17"'N, 131838 12887 15337  MF491571 95055 79729 Africonus
pseudocuneolus  Verde 22°53'56"W cuneolus
0036 Africonus Praia da Soca, Maio, 15°15'8"N, 345872 16996 15534  MF491520 95002 78661 —
raulsilvai Cabo Verde 23°13'4"W
0865 Africonus regonae Bafa da Fontona, Sal, 16°44'22"N, 246041 2411 15328  MF491576 95060 79774 —
Cabo Verde 22°58'46"W
0950 Africonus regonae Regona, Sal, Cabo Verde  16°48'5'N, 88673 864.1 15337  MF491585 95070 79858 —
22°59'33"'W
0586 Africonus roeckeli  Praia Canto, Boa Vista, 16°11"10"N, 141600 1385.7 15320  MF491567 95050 80417 —
Cabo Verde 22°42'28"W
0549 Africonus IIhéu de Sal Rei, Boa 16°9'50"N, 349070 34029 15331 MF491564 95047 80414 Africonus
salreiensis Vista, Cabo Verde 22°55'31"W crotchii
0810 Africonus Serra Negra, Sal, Cabo 16°38'17"N, 182124 17776 15335  MF491570 95054 79719 Africonus
serranegrae Verde 22°53'56"W cuneolus
1078 Africonus silviae Morro de Areia, Boa 16°5'24"N, 293568 2876.1 15336  MF491592 95077 79947 Africonus
Vista, Cabo Verde 22°57'7"W fuscoflavus
0445 Africonus Porto Ferreira, Boa Vista,  16°7'45"N, 221672 2169.1 15244  MF491556 95038 80406 Africonus
swinneni Cabo Verde 22°40'17"W delanoyae
1125 Africonus Estancinha, Ponta do Sol, 16°13'12"N, 326654 31855 15334  MF491596 95081 79994 Africonus
teodorae Boa Vista, Cabo Verde 22°55'9"W crotchii
1035 Africonus Espingueira, Boa Vista, 16°12'55"N, 110526 1085.5 15333  MF491589 95074 79904 Africonus
umbelinae Cabo Verde 22°47'49"W damottai
0240 Africonus Tarrafal, Santiago, Cabo ~ 15°16'50"N, 53400 5198 15339  MF491540 95022 78865 —
verdensis Verde 23°45'15"W
0435 Africonus Porto Ferreira, Boa Vista,  16°7'45"N, 284766 27874 15242  MF491555 95037 80405 —
vulcanus Cabo Verde 22°40'17"W
1110 Africonus zinhoi ~ Curral Velho, Boa Vista, 15°58'4"N, 388828 37855 15331 MF491595 95080 79979 Africonus
Cabo Verde 22°47'42"W maioensis
7036 Trovaoconus Baixo Jodo Valente, Cabo  15°4427"N, 95264 9338 15352  MF491606 7036 — Kalloconus
atlanticoselvagem Verde 23°526"W trochulus
0616 Trovaoconus cf.  Serra Negra, Sal, Cabo 16°38'17"'N, 87550 8537 15344  MF491568 95052 79664 Kalloconus
ateralbus Verde 22°53'56"W sp. nov. 1
0010 Trovaoconus Ponta do Pau Seco, 15°15'26"N, 56486 5555 15351 MF491519 95000 78635 Kalloconus
pseudonivifer Maio, Cabo Verde 23°13'16"'W trochulus
0094 Trovaoconus Lage Branca, Maio, Cabo  15°18'32"N, 454415 44298 15351 MF491526 95008 78719 Kalloconus
pseudonivifer Verde 23°8'17"'W trochulus
0154 Trovaoconus Porto Cais (north), Maio, ~ 15°19'45"N, 199736 19542 15352  MF491532 95014 78779 Kalloconus
pseudonivifer Cabo Verde 23°10'57"W trochulus
0420 Trovaoconus Praia Canto, Boa Vista, 16°T1'10"N, 111182 1085 15347  MF491553 95035 80403 Kalloconus
pseudonivifer Cabo Verde 22°42'28"W pseudonivifer

0500 223915 21772 15351 MF491561 95043 80411
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Table 1 Mitochondrial (mt) genomes analyzed in this study (Continued)

Trovaoconus Baia do Ervatdo (North),  16°12'3"N, Kalloconus
trochulus Boa Vista, Cabo Verde 22°54'43"W trochulus
0149 Trovaoconus Lage Branca, Maio, Cabo  15°18'32"N, 105732 10149 15276  MF491531 95013 78774 Kalloconus
venulatus Verde 23°8'17"'W venulatus
0187 Trovaoconus Praia Real, Maio, Cabo 15°19'45"N, 144651 1415 15330  MF491535 95017 78812 Kalloconus
venulatus Verde 23°10'40"'W venulatus
0234 Trovaoconus Ponta do Pau Seco, 15°15'26"N, 67867 6615 15320 MF491539 95021 78859 Kalloconus
venulatus Maio, Cabo Verde 23°13"17'W venulatus
0347 Trovaoconus Derrubado (bay West), 16°13'22"N, 48636 4759 15326  MF491546 95028 80396 Kalloconus
venulatus Boa Vista, Cabo Verde 22°47'41"W venulatus
0475 Trovaoconus Ponta Antonia, Boa Vista, 16°13'24"N, 409041 3966.1 15340  MF491560 95042 80410 Kalloconus
venulatus Cabo Verde 22°46'59"W venulatus
1038 Trovaoconus Praia Canto, Boa Vista, 16°11'10"N, 143644 24038 15336  MF491590 95075 79907 Kalloconus
venulatus Cabo Verde 22°42'28"W venulatus
IBOO1 Lautoconus Estani des Peix, 38°43'49"N, 86290 8425 15341 MF491607 95094 80426 Lautoconus
ventricosus Formentera, Balearic 1°24'42"E sp. nov 1
Islands, Spain

GenBank mt genomes

D Species Location Coordinates Reference Length  GenBank Voucher Voucher shell  New species
(bp) Acc. No (MNCN/ADN)  (MNCN 15.05/) proposed®

6990 Africonus borgesi  Porto Ferreira, Boa Vista,  16°7'45"N, Cunha et al, 15536 NC_013243 6990 — —

Cabo Verde 22° (2009)
40'170"W
0025 Africonus infinitus  Ponta do Pau Seco, 15°15'26"N,  Abalde et al,, 15522  KY864967 95001 78650 —
Maio, Cabo Verde 23°13'17"W  (in prep.)
0875 Africonus Terrinha Fina, Palhona, 16°49'12"N,  Abalde et al, 15336 KY864971 95062 79784 —
miruchae Sal, Cabo Verde 22°59'12"W  (in prep.)
0534 Trovaoconus Estancinha, Ponta do Sol, 16°13'12"N, Abalde et al, 15351 KY864969 95046 80418 Kalloconus
pseudonivifer Boa Vista, Cabo Verde 22°55'9"W  (in prep.) trochulus
0550 Trovaoconus IIhéu de Sal Rei, Boa 16°9'56"N, Uribe et al., 15524  KX263250 86741 80419 Kalloconus
venulatus Vista, Cabo Verde 22°55'23"W  (2017) venulatus
0601 Trovaoconus Calheta Funda, Sal, Cabo  16°39'6"N,  Abalde et al, 15327 KY864970 95051 79649 Kalloconus
ateralbus Verde 22°56'53"W  (in prep.) ateralbus
1375 Kalloconus cf. North Senegal unknown Abalde et al., 15348  KY864973 95085 78536 Kalloconus
byssinus (in prep.) pulcher
1253 Kalloconus Les Almadies, Dakar, 14°44'40"N,  Abalde et al,, 15332 KY864972 95084 78414 Kalloconus
pulcher Senegal 17° (in prep.) pulcher
31'442"W
1343 Lautoconus Terrou-Bi. Dakar, Senegal  14°40'29"N,  Abalde et al, 15321 KY801849 91293 78504 Gen. nov.
belairensis 17°28'12"W  (2017) belairensis
1338 Lautoconus lle de Gorée, Dakar, 14°40'16"N,  Abalde et al, 15340  KY801851 91291 78499 Gen. nov.
bruguieresi Senegal 17°23'58"W  (2017) bruguieresi
1296 Lautoconus Ndayane, Senegal 14°33'45"N,  Abalde et al,, 15323  KY801859 91283 78457 Gen. nov.
cloveri 17°7'34"W (2017) cloveri
CG13 Lautoconus Lanzarote, Canary Islands, 28°57'16"N,  Abalde et al,, 15506  KY801847 91295 — Gen. nov.
guanche Spain 13°34'22'"W  (2017) guanche
1266 Lautoconus NGor, Dakar, Senegal 14°45'67"N,  Abalde et al, 15507  KY801863 91279 78427 Gen. nov.
hybridus 17° (2017) hybridus
30'36.33"W
1278 Lautoconus NGor, Dakar, Senegal 14°45'6"N,  Abalde et al, 15329  KY801862 91280 78439 Gen. nov.
mercator 17°30'36"W  (2017) mercator
V13 Lautoconus Ria Formosa, Faro, 36°58'0"N, Uribe et al., 15534  KX263251 86742 — —
ventricosus Portugal 7°532"W (2017)
CVERM1  Chelyconus Praia Gongalo, Maio, 15°16'13"N,  Abalde et al., 15365  KY864977 95095 78876 —
ermineus Cabo Verde 23°%6'15"W (in prep.)

*hyphen indicates that original species name is maintained and considered valid
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Fig. 2 Closest sister groups of cone snails endemic to Cabo Verde based on mt genomes (concatenated protein coding plus rRNA genes analyzed
at the nucleotide level). The reconstructed ML tree using C. ermineus as outgroup is shown. Number of specimen, initial species assignment, and a
ventral picture of the shell are provided. Numbers at nodes are statistical support values for ML (bootstrap proportions)/Bl (posterior probabilities).
Scale bar indicates substitutions/site. Two major clades are recovered: the first one includes Kalloconus from Western Africa (purple) and Trovaoconus
from Cabo Verde (green) whereas the second one includes Lautoconus from the Mediterranean Sea (and neighboring Atlantic Ocean': orange),
Lautoconus from Senegal (and L. guanche from Canary Islands?; red), and Africonus (blue) from Cabo Verde. Lineages within Africonus are expanded in
Fig. 3. The “robust” type of radular tooth is shown as the ancestral character state for the second clade (scale bar equals 0.1 mm; see diversity of
radular teeth of the first clade in Additional file 1). The two transitions from planktonic to non-planktonic larvae are indicated by a sac of eggs
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into two monophyletic groups (Figs. 2 and 3). Lineage I
was the sister group of the remaining Africonus and
its two lineages had each species from Maio sister to
species from Boa Vista (Fig. 3a). Lineage II included
species from Santiago and Maio sister to species en-
demic to the westernmost islands (Santo Antdo, Sao
Vicente and Santa Luzia). These latter species could
be grouped into three main lineages, one containing
species endemic to Sdo Vicente, another containing
species distributed both in Santa Luzia and Sdo Vice-
nte, and the third one including species from the
three islands (Fig. 3a). Lineage III included species
from Maio sister to species from Boa Vista (Fig. 3a).
Lineage IV contained specimens representing most of
the described species of Africonus. One monophyletic
group included species endemic to Sal whereas the
other clade included Africonus isabelarum from
Maio as sister to four lineages, two containing exclu-
sively species from Boa Vista, one having species
from Maio sister to Africonus irregularis from Boa
Vista, and one having species from Boa Vista and
Africonus fantasmalis from Maio (Fig. 3b).

Pairwise uncorrected sequence divergences were esti-
mated based on the alignment including the nucleotide
sequences of the 13 mt protein-coding and two rRNA
genes. Pairwise uncorrected sequence divergences be-
tween C. ermineus and ingroup taxa averaged 18%. The
average pairwise uncorrected sequence divergence be-
tween the two main ingroup clades (genera Kalloconus
+ Trovaoconus versus genera Lautoconus + Africonus)
was 16%. Pairwise uncorrected sequence divergences be-
tween Lautoconus endemic to Senegal (plus L. guanche)
and L. ventricosus plus Africonus averaged 11%. The
average pairwise uncorrected sequence divergence be-
tween the sister groups L. ventricosus and Africonus was
10% whereas between Kalloconus and Trovaoconus, it
was 5%. The pairwise uncorrected sequence divergences
between the four main lineages within Afiiconus aver-
aged 6%. The corresponding values for the pairwise
divergences between the two major clades defined within
each of the lineages I-IV were 4%, 6%, 3%, and 3%,
respectively. Pairwise uncorrected sequence divergence
comparisons between sister species leve